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Background
28
Epigenetics is the study of heritable changes in gene expression that do not involve changes to 29 the underlying DNA sequence [1] . Social hymenoptera (ants, bees, and wasps) are important
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bus terrestris displays a full complement of genes involved in the methylation system [19] . An 55 extreme form of imprinting involves monoallelic expression (one allele is completely silenced).
56
In the canonical mammal and flowering plant systems, this is often associated with monoal-57 lelic methylation. In this paper, we examined the link between monoallelic methylation and 58 monoallelic expression in the bumblebee, Bombus terrestris, by examining two whole methy- 
Results
73
In total, we found nineteen genes that were both monoallelically methylated (present in both The nineteen genes were blasted against the nr/nt database (blastn). Four returned no hits 87 and a further four returned noninformative hits. A number of these genes had homologs known 88 to be methylated in other animals ( Table 1 ). Six of the eleven genes with informative hits have 89 functions to do with social organisation in the social insects (Table 1) .
90
We then looked at these nineteen genes in twenty-nine previously published RNA-seq li- Figure 2 : GO terms associated with allele specific expression. A summary of the enriched GO terms (p <0.05, based on Blast2Go annotation) found for genes displaying allele specific expression. This figure was produced using Revigo
Discussion
104
Of the nineteen genes displaying monoallelic methylation and monoallelic expression, fourteen 
113
Secondly, even in the canonical mammalian methylation system, the "wrong" allele has been 114 shown to be expressed occasionally due to lineage specific effects [37, 38, 39, 40, 41] .
115
We then looked at the expression of these nineteen genes in all twenty-nine RNA-seq libraries.
116
If they are monoallelically expressed in these bees, we would find only one allele in a given
117
RNA-seq library. Fifteen of these nineteen genes were confirmed to show a single allele in all 118 twenty-nine RNA-seq libraries. We would also find only one allele if that bee was homozygous.
119
We can not rule out that these fifteen genes just happen to be homozygous in all twenty-nine 120 bees from five different colonies from multiple sources, although this seems unlikely. This result
121
suggests that the finding in the monoallelic analysis can be generalized.
122
The remaining four genes showed inconsistent expression with one allele being expressed in 123 some B. terrestris workers, and expression of two alleles in other workers. Natural intraspecific 124 variation in imprinting has been found in other species [42] . Another explanation is that these 125 loci are not imprinted but rather their allele specific expression is derived from genetic effects
126
[43].
127
There are three main genetic, as opposed to epigenetic, affectors of allele specific expression
128
[44]. Allele specific expression can be caused by differences in the alleles' sequence within the 
134
But it is not just allele specific expression that may have genetic as well as epigenetic effects.
135
It has been shown in humans that some allele specific methylation is determined by DNA 
141
We have found that allele specific expression is widespread in the bumblebee. We have also The Harrison bees were from three commercially reared colonies obtained from Agralan Ltd.
156
A Koppert colony worker bee was used for the MeDIP-seq / MRE-seq / RNA-seq experiment,
157
and was from a separate Koppert colony to the bees used for the qPCR analysis. Samples are 158 outlined in Table 2 . Colonies were fed ad libitum with pollen (Percie du sert, France) and 50 % 159 diluted glucose/fructose mix (Meliose Roquette, France). Before and during the experiments 160 colonies were kept at 26 o C and 60% humidity in constant red light. 
161
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232
The blast results were annotated using Blast2Go [61]. Fisher's exact test was implemented to 233 identify enriched GO terms, which were then visualised using REVIGO [62] . To identify which 
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